Measurements of mutation rates in B lymphocytes.
It is established that somatic mutation is an important source of antibody diversity in vivo. It is also established that Igh-V gene segments are hypermutable in vitro. This is not a completely satisfactory situation. While there is no reason to believe that Igh-V genes are not hypermutable in vivo as well, direct experimental evidence is lacking. Perhaps experiments with transgenic mice will soon fill this gap. It is not so clear how much higher than normal the rate of hypermutation is. As far as we are aware, there are no direct measurements of mutation rates per base pair per cell generation in mammals, certainly not for lymphocyte cell lines. For a variety of reasons, it is difficult to measure very low mutation rates. The general consensus is that the normal rate should be somewhere between 10(-10) and 10(-12) mutations per base pair per cell generation. Therefore, an experiment designed to directly determine a rate using the compartmentalization test would involve hundreds of cultures, each containing at least 10(9) cells. It is not a trivial problem to find one or a few mutants among so many cells. It is simple to study mutation to resistance to a drug, for example, ouabain or azaguanine, but, as we discussed, there are technical and conceptual pitfalls. The vast excess of dead cells influences the growth of a few mutant cells, particularly in lymphocyte cell lines. Even if this problem could be solved, the mutation rate so obtained would be "per gene(s)" and not "per base pair". The problems associated with cytotoxic agents can be avoided by immunofluorescence methods in conjunction with selective cloning or cell sorting. Using these techniques, we have carried out extensive experiments to determine whether the immunoglobulin mutator system acts, at least partially, on genetic elements other than those in or near the heavy chain variable region gene segment. For an opal termination codon in a heavy chain constant region gene segment, the rate of reversion was less than 10(-7) per base pair per cell generation. This upper limit was fixed by the high rate of small deletions at the heavy chain locus. For an allotype mutation at B2m, the gene encoding beta 2 microglobulin, the rate of mutation was less than 10(-8). This upper limit could be lowered by at least two orders of magnitude by using a high-speed cell sorter.